Study Design: This retrospective, non-randomized study was designed to evaluate one-year clinical outcomes in a cohort of patients treated with an amniotic suspension allograft as an adjunct to lumbar interbody fusion. Methods: A single-center chart review was conducted to collect preoperative and peri-operative data for patients at or beyond the one year post-operative time point. Results: Patients underwent either anterior (n = 22) or posterior (n = 65) lumbar interbody fusion. There were six reoperations reported: pseudarthrosis repair (n = 1), adjacent level decompression (n = 2), removal of symptomatic instrumentation (n = 3). Overall VAS score improved from 7.8 ± 1.7 to 5.5 ± 2.4 at 1 year post-op (n = 86, p = 0.0001) and overall ODI score improved from 55 ± 16 to 42 ± 19 at 1 year post-op (n = 85, p = 0.0001). Patients that were 59 years old or older at the time of surgery reported greater improvement in VAS score (3.6 ± 2.3 point improvement, n = 31) than patients younger than 59 at the time of surgery (1.7 ± 2.2 point improvement, n = 55, p = 0.0005). There was not a significant difference in outcome measures between groups when the data were stratified based on patient BMI, tobacco use, previous surgery, or a primary indication of pseudarthrosis repair. Conclusions: These results indicate that there is a significant clinical improvement when amniotic suspension allograft is used during interbody fusion. Patient groups with increased risk of non-union (increased age, previous pseudarthrosis, and tobacco users) demonstrated improvement in one year post-op outcome measures. Improved clinical outcome implies a high rate of successful arthrodesis in both high and low risk patient populations.
Introduction
Iliac crest autograft (ICBG) has long been considered the gold standard to extend locally harvested autograft and supplemental demineralized bone matrix during posterior arthrodesis procedures. Multiple studies have demonstrated a high rate of successful arthrodesis after supplementation with iliac crest autograft secondary to its osteoconductive, osteoinductive and osteogenic properties [1] - [7] . However, patients can experience significant morbidity after posterior iliac crest bone harvesting that can result in a prolonged hospital course and chronic pain at the donor site. Other documented adverse events associated with ICBG harvesting include pelvic fracture, vascular injury, sacroiliac instability, and donor site muscle herniation [8] - [12] .
Synthetic and recombinant extenders such as bone morphogenic protein (BMP), a genetically engineered protein with bone growth-stimulating properties, have been approved for use during anterior lumbar spine surgery with an interbody spacer [13] - [15] . Many surgeons now utilize BMP "off-label" as an extender during posterior spinal fusion procedures, both with ICBG or local bone autograft to avoid morbidities associated with ICBG harvesting [16] . Although excellent one and two year rates of solid arthrodesis have been reported after BMP supplementation, recent non-industry funded investigations suggest that there may be an increased risk of malignancy within 24 months of BMP use [17] . The potential for BMP to act through a pro-oncogenic mechanism has necessitated development of alternative extenders that can be used during spinal arthrodesis procedures.
Amniotic suspension allograft (ASA) is an allograft derived from human amnion and cells from the amniotic fluid that can be used to supplement arthrodesis during interbody fusion. The amniotic tissues and fluids contain collagen, proteoglycans, hyaluronic acid, trophic proteins, growth factors and multi-potent cells that stimulate tissue repair and arthrodesis. Donor tissue is recovered and processed using aseptic techniques and rigorous quality standards. Multiple culture, antibody and surface antigen tests are performed for each donor to ensure safety of the tissue. The purpose of this study was to evaluate one year clinical outcome in a cohort of patients treated with an amniotic suspension allograft as an adjunct to lumbar interbody fusion.
Methods
A retrospective, non-randomized, single-center chart review was conducted for a series of patients that were at least one year post-op from lumbar interbody fusion supplemented by amniotic suspension allograft (NuCel; Nutech Medical, Birmingham, AL, USA). The study was inclusive of patients aged 18 -90 years that underwent any anterior or posterior interbody fusion technique with ASA supplementation from 2011-2014.
A large sized morselized allograft contains approximately 2 cc's of liquid amniotic suspension for which cell concentration has not been previously reported. Additionally, local autograft was collected, processed through a bone mill and combined with ASA and approximately 30 ccs of cancellous chips for each level fused. This mixture was packed into a PEEK spacer and implanted according to standard surgical techniques.
Following Institutional Review Board approval, pre-operative patient demographics (age, gender, BMI, diagnosis, previous spine surgeries, surgical approach, overall Visual Analog Scale (VAS) for axial low back and leg pain, Oswestry Disability Index (ODI) score, worker's compensation claim status, tobacco use) were collected through the chart review [18] [19] . Operative and peri-operative data including complication rate and length of hospital stay were obtained from available operative reports and hospital discharge summaries by an on-site research coordinator. All data were electronically collected through a sequential series chart review and de-identified prior to analysis by an independent clinical research organization. One year post-operative VAS back and leg pain scores, ODI, and the rate of reoperation were obtained for all patients that received ASA supplementation and had one year follow-up data available. The next temporally available data points, up to 15 months post-op, were used if one year follow-up data was not available. Data were segmented for analysis based on age (<59 years versus ≥59 years), procedure (posterior lumbar interbody fusion versus anterior lumbar interbody fusion), operative level, previous lumbar surgery, tobacco use status, and BMI (<30 versus ≥30). Statistical analyses were performed within each category via two-tailed paired t-tests (example: is there a significant im-provement in ODI outcome in patients with BMI > 30). Unpaired t-tests were then used to compare the calculated absolute change in outcome measure per patient to detect significance across parameters (example: is there an absolute greater improvement in ODI outcome per patient with BMI less than 30 compared to those with BMI greater than 30?). Data are reported as means ± SD with significance defined as p < 0.05.
Results
Eighty-seven patients (56 female, 31 male) with a mean age of 57 years (range: 26 -80 years) at the time of surgery were included in the study. A total of 31/87 (36%) patients had undergone previous lumbar spine surgery. Previous surgeries included decompression only procedures at the level of current revision with ASA (n = 3), arthrodesis at the level of current revision with ASA (pseudarthrosis repair (n = 8), recurrent stenosis (n = 4)), and arthrodesis at the level adjacent to current revision with ASA interbody fusion (n = 16). Tobacco use within the post-operative follow up period was reported by 28/87 (32%) subjects (cigarettes: n = 24, chewing tobacco: n = 4). The average overall BMI was 31 and 68/87 (78%) of patients were affected by a metabolic comorbidity (hypertension, diabetes mellitus, cardiovascular disease). Zero patients were treated under pending litigation or a Worker's Compensation claim ( Table 1) .
A posterior lumbar interbody fusion with supplemental posterior instrumentation was performed in 65/87 (75%) patients and 22/87 (25%) patients underwent a locking anterior lumbar interbody fusion. All patients in this study received a large sized amniotic suspension allograft. There were no reported peri-operative complications or adverse events reported that could be attributed to the amniotic suspension allograft. Median hospital admission time was 3 days (range: 2 -7 days). There were six reoperations reported within the one year follow up period: pseudarthrosis repair (n = 1), adjacent level decompression (n = 2), removal of symptomatic instrumentation (n = 3).
Raw preoperative and one year post-operative pain and ODI scores are listed in Table 2 and Table 3 . The overall VAS score improved from 7.8 ± 1.7 to 5.5 ± 2.4 at 1 year post-op (n = 86, p = 0.0001). Overall ODI score improved from 55 ± 16 to 42 ± 19 at 1 year post-op (n = 85, p = 0.0001). Patients that were 59 years old or greater at the time of surgery reported greater absolute improvement in VAS score (3.6 ± 2.3 point improvement, n = 31) than patients younger than 59 at the time of surgery (1.7 ± 2.2 point improvement, n = 55, p = 0.0005). There was also a significantly greater improvement in absolute ODI outcome for patients 59 years old or greater at the time of surgery (16 ± 15 point improvement, n = 32) than for subjects less than 59 years old (11 ± 12 point improvement, n = 53, p = 0.05). There was a larger improvement in absolute VAS pain score after a posterior approach to arthrodesis (2.8 ± 2.6 point improvement, n = 64) than was observed after anterior interbody fusion (1.2 ± 1.3 point improvement, n = 22, p = 0.01). However, there was not a significant difference in absolute functional outcome as measured by ODI score when patients were stratified based on surgical approach (p > 0.05). Similarly, there was significantly less improvement in VAS pain score when the L5-S1 level was included in the fusion construct (L5-S1 included: 1.6 ± 1.8 point improvement, n = 45; L5-S1 not included: 3.1 ± 2.6, n = 41, p = 0.002) but the level of fusion did not significantly affect absolute functional ODI outcome score (p > 0.05). There was not a significant difference in pain and functional outcome measures between groups when the data was stratified based on patient BMI, tobacco use, previous surgery, or a primary indication of pseudarthrosis repair (p > 0.05). Table 3 . Raw values of Oswestry Disability Index score, preoperatively and one year post-op. 
Discussion
While ICBG remains the "gold standard" for achieving solid arthrodesis, there is significant morbidity associated with harvesting the posterior iliac spine. Other allogeneic lumbar fusion options have been shown to produce reliable fusion rates but have been linked to a wide array of adverse outcomes such as retrograde ejaculation and malignancy [17] [20] . Here, we studied peri-operative and patient based outcomes after lumbar fusion utilizing amniotic suspension allograft as an extender. Our results indicate that there is a significant clinical improvement when ASA is used during both anterior and posterior approaches to lumbar interbody fusion. There were zero peri-operative adverse reactions reported that could be attributable to the ASA and the median postoperative hospital admission duration of three days was shorter than previously reported ranges for open approaches to spinal arthrodesis utilizing ICBG [21] - [23] .
Overall, there was a significant improvement in both patient reported pain score and functional outcome at the one year post-operative time point. Patient reported improvement in Oswestry Disability and Visual Analog pain indices both exceed the minimum clinical important difference of 12.8 ODI points and 1.2 VAS points, respectively [23] . Several risk factors have been linked to complications and non-union after lumbar arthrodesis including advanced patient age, tobacco use, high patient BMI, metabolic comorbidities, previous non-union, and inclusion of L5-S1 in the fusion construct [24] - [31] . These risk factors did not result in a poor outcome after lumbar spinal fusion utilizing ASA as an extender to local autograft. Patients of more advanced age experienced more improvement in VAS pain score and ODI outcome and there was not a significant difference in VAS pain score or Oswestry Disability Index outcome when groups were stratified by patient BMI, procedures performed for pseudarthrosis repair, or tobacco use. Although patients that underwent fusion that did not include the L5-S1 segment experienced greater improvement in VAS pain score, they did not differ in ODI outcome when compared to subjects that included the L5-S1 segment. Similarly, patients that underwent an anterior lumbar fusion approach experienced greater improvement in VAS pain score but they did not differ in ODI outcome when compared to subjects that underwent a posterior approach.
There are a number of inherent limitations to this study. First, this was a retrospective chart review that did not include radiographic interpretation by a radiologist to evaluate for solid arthrodesis since imaging studies were not collected in a systematic, prospective fashion at the study site. However, it has been widely reported in the literature that lumbar pseudarthrosis causes significant pain and disability secondary to microinstability [28] - [30] . Although we cannot directly conclude that ASA results in a high rate of solid bony union, it is implied by the significant improvement in patient-reported outcome metrics that a predominance of symptomatic pseudarthrosis would be unlikely within the study group. Second, our study was restricted to a single site and all procedures were performed by a single surgeon. This limits the generalizability of our results to the overall population. However, our study group demographic included a high proportion of patients that would be at risk for developing a non-union, including 78% of patients with a metabolic comorbidity and 32% that reported tobacco use during the follow-up period. The significant overall improvement across the entire study population implies that patients without risk factors for non-union will also have similar positive outcomes after ASA is used as an extender for lumbar spinal arthrodesis.
This study demonstrates that the use of ASA during lumbar fusion procedures results in improved one year post-operative pain and functional outcome measures from baseline in a challenging patient population. Improved clinical outcome implies a high rate of successful arthrodesis in both high and low risk patient populations without the perioperative morbidity associated with ICBG harvesting. Future investigation will offer radiographic confirmation of solid arthrodesis and will collect data on long-term postoperative adverse events related to ASA implantation.
